▪ Comprehensive assessment of intentions and breastfeeding via novel SMS text messaging facilitated the accurate prediction of breastfeeding initiation and cessation. ▪ Psychological factors as well as previous experience were shown to be important predictors of cessation before 16 weeks in predictive algorithms indicating the potential for early intervention. ▪ These findings challenge the current interpretation of the UNICEF guidelines and suggest that a full discussion about infant feeding options in the antenatal period, including asking about intentions, could be used to identify women at risk of early cessation of breastfeeding.
Strengths and limitations of this study
▪ A key strength was the accurate, validated, realtime and efficient measurement of method of infant feeding through SMS messaging. The study incorporated intentions and psychological factors based on the Theory of Planned Behaviour as predictors of initiation and cessation. This allowed the development of predictive algorithms and could allow the development and trialling of targeted interventions. This was based on a relatively large cohort covering the antenatal period to 16 weeks postnatal. One limitation may be the lack of ethnic diversity in the study population which is reflected in the ethnic structure of Tayside.
INTRODUCTION
The short-term and long-term health benefits of breastfeeding for both mother and child are well documented. [1] [2] [3] [4] Consequently, the current WHO recommendation is that infants should be exclusively breastfed for the first 6 months. 5 Most developed countries report that a minority of infants are exclusively breastfeeding at 6 months (40% the Netherlands; 13% the USA) and in the UK exclusive breastfeeding continued after 6 months in less than 1%. 6 There has been some success in the UK in improving the number of women who start breastfeeding: initiation rates of breastfeeding rose in Scotland from 63% in 2000 to 74% in 2010. 7 However, targets to improve the rate of exclusive feeding at 6-8 weeks have proved to be more challenging. The Scottish Government aimed to increase exclusive breastfeeding at 6-8 weeks over a 4-year period to 33.3% by 2010/2011 8 ; however, in 2010/2011, the rate remained unchanged at 26.5%. 9 Given the rapid decline in breastfeeding in the immediate postnatal period, the failure to meet government targets and follow WHO recommendations, more detailed information about current practices and attitudes and the potential for intervention is required.
Maternal demographics and previous breastfeeding experience are known to be associated with initiation as well as duration of breastfeeding 9 10 ; however, these variables are not amenable to behavioural change interventions. The measurement of attitudinal factors such as the Iowa Infant Feeding Assessment Scale (IIFAS) 11 has shown promise as a way of improving the accuracy of prediction of the initiation of breastfeeding behaviour. The IIFAS has been found to predict breastfeeding initiation in a variety of settings including the USA, 11 Australia, 12 Scotland, 13 14 Northern Ireland 15 and Romania. 16 However, these studies have either only measured feeding at birth, 14 until discharge from hospital, 14 15 or by retrospective maternal report. 16 The only study which prospectively followed women over a prolonged period was carried out in an area of high breastfeeding (94% initiation rate) and was biased by the recruitment of women and measurement of baseline variables in the first 3 days after birth (rather than during pregnancy) by which time attitudes to infant feeding are likely to have been affected by experiences since birth. 12 Hence, there is little evidence for interventions based on psychological and attitudinal variables to improve breastfeeding outcomes. However, a WHO programme (The Baby Friendly Initiative, BFI) to protect and support the initiation and continuation of breastfeeding by the implementation of evidence-based care in maternity hospitals is well established. 17 Many hospitals and community settings strive to achieve 'UNICEF Baby Friendly Status' and there is some evidence that BFI accreditation can improve initiation and continuation rates. [18] [19] [20] Guidance from UNICEF for Step 3 of BFI accreditation, in the context of information provision, 'strongly recommends that pregnant women are not merely asked a closed question about how they plan to feed their baby' (Ref. 21, p.13) . This is to encourage a more open discussion to take place and to allow women to make a final decision about feeding method after delivery. While the recommendation does not explicitly preclude a discussion about feeding intentions in the antenatal period, the guidelines suggest that the documentation of antenatal feeding intention should be avoided. In practice, this has been interpreted more stringently; intentions are not discussed at all.
Building on past research, we designed an exploratory longitudinal study using mixed methodology, including the use of the IIFAS 11 and psychological variables guided by the Theory of Planned Behaviour (TPB) 22 captured during the antenatal period, to understand and predict women's initiation and duration of breastfeeding in an area of low breastfeeding initiation. Use of the MRC framework 23 informed the qualitative and quantitative components of the study enabling us to advance our understanding of women's intentions and attitudes towards infant feeding. The study used SMS text messaging, a novel method of data collection, to follow-up women after delivery. The validity and reliability of the method of SMS text messaging has already been reported elsewhere 24 as well as some of the qualitative results. 25 This paper reports the identification of (1) antenatal factors which predict women who will initiate breastfeeding; (2) the critical time points for the discontinuation of breastfeeding and (3) the key antenatal and postnatal attributes and beliefs associated with continuation/ cessation.
From these data, a predictive model was derived to identify those at high risk of stopping breastfeeding. The findings from this study will inform the recruitment protocol and design of an intervention to encourage breastfeeding in a future randomised controlled trial testing the intervention efficacy.
METHODS

Design
A prospective cohort study of the method of infant feeding following delivery.
Participants
Pregnant women over 30 weeks gestation aged 16 years and above, living in Dundee, booked to deliver at Ninewells Hospital and able to speak English. There were no exclusions based on feeding intention or maternal history. The detailed reasons for exclusion are shown in online supplementary appendix 2.
Measures
Five data collection points were used. 1. Baseline data-self-completed questionnaire, third trimester of pregnancy Background demographic: Method(s) of infant feeding and future intentions, assessed after hospital discharge every 2 weeks using two text questions until response 'F' received to SMS1: ▸ SMS1. 'In the past 2 weeks how have you been feeding your baby?' (Answer options-only breast milk (O), both breast and formula milk (B), only formula milk (F)). ▸ SMS2. If 'only breast milk' or 'both breast and formula milk'-'For how many more weeks do you plan to give your baby breast milk? 4. Exit data (4 weeks after final SMS message):
▸ Method of infant feeding at study exit, problems with infant feeding, satisfaction with (breast) feeding support and satisfaction with feeding method(s) using 5-point Likert scale response format. 5. Focus groups and interviews with various subgroups of women.
Procedure
Women were approached in the last trimester of pregnancy at clinics by a Community Midwife (CM) or a Research Assistant (RA). Consent was obtained for contact details to be passed to the study team in the form of returned postcards; women were given a baseline questionnaire and consent form. These were returned to the study team following a recruitment phone call by the RAs. Study incentives were used to motivate and encourage CMs to recruit. The hospital database was checked weekly; as participants delivered, their delivery and discharge details were sent to the RAs. Starting from 2 weeks after delivery, RAs used standard web-based messaging tools to contact all participants by text to find out current feeding practices and intentions (figure 1). Web-based messaging services sent automated texts via computer and used a text number for responses. Contact continued by text message every 2 weeks until the baby was 16 weeks old, or until the response 'F' was received. Women with no mobile phone or who preferred not to receive text messages were contacted by the RA on their home phone.
The 'end' point for gathering text data was 2 weeks after delivery for women who started or who changed to formula feeding before 2 weeks, on discontinuation of any breastfeeding or when the baby was 16 weeks old for the rest. Four weeks after the 'end' point, women were contacted by telephone to gather final data (using an exit phone questionnaire). After the exit interview women were sent a thank-you letter and a £10 gift voucher.
During the exit interview, participants were invited to take part in a focus group or interview. Results are reported elsewhere. Statistical analysis Data were analysed using SAS V.9.2. Descriptive data are presented as % (frequency) for categorical variables, and mean (95% CI) for continuous variables.
The total IIFAS score and the subscores for the TPB variables were calculated from the questionnaires. Non-normally distributed variables were converted to categorical variables when there was no viable transformation.
Baseline data were tested for correlations with the duration of breastfeeding. Analysis of variance and χ² tests were performed to test for significant associations of baseline variables with the duration of breastfeeding and intention to breastfeed, and to examine differences between groups.
The reliability of the text message responses (method of feeding) was checked by repeat-texting a random subset of 50 participants the next day. Validity was checked by telephone contact with a random subset of 50 participants on the same day as their text response and asking them the same questions verbally and by comparing with data collected by the health visitor. The results, previously reported, demonstrated excellent reliability and validity. 24 Logistic regression modelling was implemented to assess predictors of initiating breastfeeding and the results expressed as relative risks and their 95% CIs.
For those who initiated breastfeeding, univariate associations between the duration of any and exclusive breastfeeding with baseline variables were performed using the logrank test for each of the baseline variables. Variables with a univariate significance level of at least 0.3 were chosen for potential inclusion in model building.
Cox Proportional Hazards models were then built for all combinations of variables, utilising both a forward and stepwise selection model including all variables. Models were then assessed for goodness of fit using AIC and the best-fit model was chosen. These models were utilised to predict the outcome of any breastfeeding and exclusive breastfeeding.
Model performance was assessed by the estimation of c-statistic, a measure of discrimination as well as the Integrated Discrimination Improvement (IDI) 27 to demonstrate the most important variables determining discrimination, utilising the SAS macro %rocplus (http://mayo research.mayo.edu/mayo/research/biostat/sasmacros.cfm). Assessment of calibration was also carried out using methods suitable for censored data. Analyses were implemented in SPSS (V.18) and SAS V.9.2 (SAS Institute, Cary, North Carolina, USA).
Sample size, recruitment and attrition
The study aimed to recruit 350 women over an 8-month period, giving a recruitment rate of 35%. Of these, approximately 224 (64%) would start breastfeeding (local Maternity Database figures from 2007), and 133 (38%) will still be breastfeeding at 6-8 weeks. 9 In considering predictors of maintaining breastfeeding at 6-8 weeks from birth, and approximately 130 events, there would be 80% power to detect HR ≥1.6 in a Cox regression model.
Between November 2009 and June 2010, a total of 639 postcards were received by the study team. From these, 355 women fully consented and were included in the study (55.6% of postcards received), which exceeded our target of 350 women (figure 1 and full details in online supplementary appendix 2). The SIMD profile of women who consented broadly tracked the profile of all women who delivered in Dundee in 2009. A total of 292 women were followed up to the exit questionnaire (82.3% of consented women). Some of this follow-up was protracted due to difficulties in contacting several participants.
At exit, 152 women were asked about participating in a focus group or interview and 138 expressed an interest (91%). Of these, 38 took part in one of seven focus groups and 40 were interviewed individually (78 in total, 56% of those interested, 22% of total sample). The results of the qualitative analysis are reported elsewhere. 25 SMS messages for the collection of data about feeding method To manage the high number of automated SMS messages, a computer schedule was created for the study (figure 2). A total of 2738 text message responses were received via this automated SMS message scheduler. Data from 42 women were gathered by phone call on 114 occasions when the SMS system was unavailable. The SMS messaging service package incurred a small cost to participants: some participants may have been unable to respond if they had no credit on their phone. Two women were contacted on their home phone only: one had no mobile phone, while the other preferred not to receive text messages.
RESULTS
Baseline characteristics
Three hundred and fifty-five women were included in the study at baseline. Of these, 344 (96.9%) had information on feeding status at delivery and prediction of initiating breastfeeding was based on this cohort (table 1) . Baseline psychological measures (IIFAS score and TPB) are included in table 1.
Prediction of initiating breastfeeding
At delivery, 67.7% (95% CI 62.8% to 72.6%) of women had started breastfeeding out of those with feeding data (n=344). Significant independent predictors of initiating breastfeeding were older age, parity, greater intention to breastfeed from the TPB questionnaire, higher IIFAS score as well as living with a husband or partner as shown in table 2. For the final logistic model, the AUROC was 0.982 (95% CI 0.971 to 0.993) and calibration was good with Hosmer-Lemeshow test of p=0.354. A score for the estimation of the probability of initiation can be easily constructed using this final equation as shown in online supplementary appendix 1. This score can be utilised as a Clinical Prediction Rule to identify women with low probability of initiating breastfeeding and interventions can be developed that are focused on this group. Estimation of IDI showed that Intention to Breastfeed with an IDI of 0.212 ( p<0.001) was the strongest contributor to discrimination of initiating breastfeeding and entered the model first, followed by the IIFAS score with IDI=0.024 ( p=0.034).
Duration of breastfeeding
For those with feeding data (n=344), Kaplan-Meier curves were fitted for exclusive breastfeeding (response 'only breast milk' to text question) and any breast milk (response 'both breast and formula milk' to text question) for each of the three subgroups defined by previous breastfeeding and parity. The duration of breastfeeding at various time points was derived ( figure 3A,B) . These show that parous women who have previous experience of breastfeeding are most likely to start breastfeeding, more likely to continue breastfeeding exclusively and are slowest to discontinue any breastfeeding. In this experienced group, at 16 weeks, 52.6% recorded any breastfeeding (33% exclusive). In contrast, parous women with no previous breastfeeding experience are least likely to start breastfeeding with a baseline of approximately 20%. In this group, at 16 weeks, only 5% were continuing with any breastfeeding (3.9% exclusive; table 3).
Prediction of stopping breastfeeding
This analysis considered only those who initiated breastfeeding (n=233) and what factors predicted cessation. As in figure 3, analyses were carried out for both exclusive breastfeeding and any breastfeeding. The final model was chosen using the AIC and the best fit model comprised the variables previous breastfeeding, intention to breastfeed, total IIFAS score and major occupational group based on ONS groups reclassified into four broad groupings. Neither age nor SIMD were included in the final model as these are strongly correlated with occupation and previous breastfeeding. Those women who initiated breastfeeding and had higher IIFAS scores were highly significantly less likely to stop breastfeeding whether 'exclusive' or 'any' breastfeeding (tables 4 and 5). Those with higher intention scores had much greater duration than those with lower intention scores and were significantly associated with lower risk of stopping 'exclusive' or 'any' breastfeeding, with a 29% and 43% lower risk, respectively.
In the final model, there was also a trend across the occupations with lower breastfeeding in routine and manual occupations. Parity was not such a strong predictor once intentions and IOWA score were included. The two most significant predictors of not stopping (for both exclusive and any breastfeeding) were high intention score and high IIFAS score (tables 4 and 5). The c-statistics for both models were c=0.649 (95% CI 0.605 to 0.693) and c=0.689 (95% CI 0.641 to 0.875) for 'exclusive' and 'any' breastfeeding, respectively. In these models, the IDI was the highest for the IIFAS with IDI=0.077 for 'exclusive' and IDI=0.074 for 'any' breastfeeding. In contrast, although a statistically significant predictor, the IDI was negligible for intentions from the TPB questionnaire.
DISCUSSION
As far as can be established, this is the first study of infant feeding in the weeks following birth using antenatal data gathered prospectively in real time in a large cohort. In order to achieve this, a novel method of collecting data via SMS text messaging was successfully developed, validated and utilised. This data collection method was demonstrated to have excellent reliability and validity. A sample with a broadly similar overall SIMD profile to pregnant women in Dundee in 2009 was recruited with good representation from deprived areas which is often a problem in studying breastfeeding. Excellent follow-up through each phase of the study was achieved, and the quantitative phase was complemented by a large amount of qualitative data gathered from a diverse sample of participants with a range of feeding experiences. 25 Our cohort's figures for breastfeeding are broadly consistent with national and local rates of breastfeeding. 68% of the sample started breastfeeding compared with local figures, 59% (local maternity database, 2009). Over the 6-8 weeks period 29.1-33.9% were exclusively breastfeeding and 44.1-48.3% were offering some breast milk. In comparison, Dundee City figures were exclusive=23.3% and any=33.4%, while the exclusive breastfeeding figure at 6-8 weeks for Scotland was 26.5%. 9 The generally higher rates at all time-points may be accounted for by the slightly higher numbers of women in our study from more affluent areas, while the national Infant Feeding Survey data are based on retrospective reports. 7 Texting in itself may have acted as an intervention to encourage continuation of breastfeeding. It is also possible that our figures are more accurate as they are based on prospective real-time texts from the women. Overall, the consistency with known official statistics lends added validity to our results. The mean score on the IIFAS (58.8, SD 9.36) was similar to that reported by de la Mora et al 11 The dichotomous nature of the 'Intentions' variable suggests that in the latter stages of pregnancy most women are clear about how they plan to feed their baby, with only a few being undecided. As in previous studies of breastfeeding using the TPB, intentions were explained by PBC, attitudes and the IOWA score with demographic variables accounting for less of the variance.
11 28 29 The Kaplan-Meier plots show the expected pattern of breastfeeding cessation, with the steepest drop-off occurring in the first couple of weeks after birth in all women for exclusive breastfeeding. However, large differences in the duration of breastfeeding could be observed between groups. In particular, parous women with no previous breastfeeding experience stopped very quickly after birth, while primiparous women showed a similar pattern of duration to those parous women who did have previous breastfeeding experience so prior experience of breastfeeding is a strong predictor. This is similar to the findings of the recent Scottish Infant Feeding Survey data from 2010. 7 In the prediction models, as others have found, 28 while demographic measures were important, the measures of intention (TPB) and attitude to breastfeeding (IIFAS score) were the strongest predictors of both initiation and stopping breastfeeding. However, intention was stronger for initiating breastfeeding, while attitude was stronger for persevering with breastfeeding. This has important clinical implications. We suggest that the current interpretation of the UNICEF Baby Friendly guidelines should be revisited. Our findings indicate that a discussion with women about their intentions, in combination with an exploration of their attitude to formula feeding and breastfeeding ( perhaps through use of the IIFAS) could be a powerful way of identifying those women who might need more help and support with both initiating and persevering with breastfeeding. The findings also lend weight to the targeting of younger women and women from lower socioeconomic backgrounds both for extra encouragement to breastfeed and for additional breastfeeding support. Similar to other studies that have measured PBC in pregnancy, PBC was not a significant independent predictor of breastfeeding initiation. 28 30 However, unlike McMillan et al, 28 we found that PBC was a weaker predictor of continuation than attitudes. Questions remain about the best time to measure PBC in relation to breastfeeding and the measures that should be used.
Importance to National Health Service and possible implementation Breastfeeding is known to have significant short-term and long-term health benefits for both mother and infant. Increasing the number of breastfed babies through targeted interventions has the potential to prevent future ill-health, save the National Health Service money and is congruent with Government policy. [31] [32] [33] The findings of this study can be used to identify women who need additional support as well as to inform the design of interventions to promote and support breastfeeding using a prediction model. Antenatal and public health interventions should aim to improve attitudes to breastfeeding generally and improve women's confidence in their ability to breastfeed. There is a need to target primigravidae during pregnancy and in the early postnatal days and weeks: as success with breastfeeding in the first pregnancy is likely to lead to more chance of feeding successfully in subsequent pregnancies. Parous women with no previous breastfeeding experience need the most support as they are most likely to give up quickly. The use of antenatal measures of intention and attitude to breastfeeding might be useful to identify women who are likely to need more support in the early days and weeks after delivery. Increased levels of support, perhaps from other women who have successfully breastfed, might be an effective intervention strategy.
Future research
This study has followed phase 1 of the MRC process, that is, the collection of initial data and determining predictors of outcome. 23 The next stage will be to develop a complex intervention based on these findings both to improve rates of initiation of breastfeeding and to provide targeted support to those who start breastfeeding. In addition, the discriminative ability for initiation was excellent, but only moderate for stopping breastfeeding, while intention (TPB) was most important for initiating and attitude (IIFAS) most important for persevering with breastfeeding. This suggests that there may be further factors in stopping that could be investigated; future studies could explore this issue.
This study demonstrated the benefits of SMS messaging to collect data and so can easily be used in other studies to collect similar data. In addition, text messaging may have the potential as a cost-effective and convenient way to provide health information and support messages as part of a complex intervention. These suggestions could apply to breastfeeding, as well as having application in many other health arenas.
CONCLUSIONS
This landmark study used SMS text messaging to gather real-time data on infant feeding from birth to 16 weeks postnatal. It provides the most detailed and comprehensive data on the form and method of infant feeding. The results are consistent with Scottish national figures, hence enhancing the validity of our findings.
The construct of 'Intentions' (from the TPB) and a measure of attitude to breastfeeding (the IIFAS score) have been shown to be important in predicting future infant feeding behaviour, as well as socioeconomic background. Primigravidae and parous women with no previous breastfeeding experience are likely to need the most support as these groups are least likely to start breastfeeding, and most likely to stop early.
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